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ABSTRACT 

The analysis of large volume water samples collected over a four 

week period in 1987 at the mouths of the Yamaska and Saint-Francois 

Rivers revealed the presence of PCBs and many pesticides which had not 

been detected previously in either of these two rivers. Most of the 

chemicals determined were found in the centrifuged water as opposed to 

the suspended solids, a phenomenon explained by the low to medium 

lipophilicity of the chemicals in question. In general, there were 

more pesticides in the Yamaska River than in the Saint-Francois River, 

a finding which was expected since agriculture is more prominent in 

the basin of the former river. Although the atrazine concentration by 

far surpassed the levels of the other chemicals determined, it did not 

exceed the proposed water quality guideline for atrazine of 2 pg/L for 

the protection of aquatic life.
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RESUME 

L'anaiyse des échantiilons d'eau a grand volume prélevés au cours 

d'une période de quatre semaines en 1987 5 1'embouchure de la riviére 

Yamaska et de la Saint-Francois au Québec a revélé Ia présence de BPC 

et de queiques pesticides qui n'avaient pas été détectés auparavant 

dans ces deux riviéres. La majorité des produits chimiques détectés 
1'ont' été dans i'eau centrifugée et non dans 1es sédiments en 

suspension, ce qui peut étre expiiqué par ia lipophiiicité basse 5 

moyenne de ces oroduits, En générai, 11 y avait plus de pesticides 

dans ia riviére Yamaska que 1a Saint-Francois, un résuitat prévisibie 

a cause un niveau plus élevé d'activités agricoies dans 1a Yamaska. 

La concentration de 1'atrazine était pius éievée que celle des autres 

produits chimiques, par contre e11e ne dépassait pas 1a iimite de 

2 pg/L proposé dans les lignes directrices pour la protection de la 

vie aquatique.
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MANAGEMENT PERSPECTIVE 

The analysis of large volume water samples collected over a four 

week period in 1987 at the mouths of the Yamaska and Saint—Frangois 

Rivers revealed the presence of PCBs and many pesticides which had not 

been detected previously in either of these two rivers. Most of the 

chemicals determined were found in the centrifuged water as opposed to 

the suspended solids, a phenomenon explained by the low to medium 

lipophilicity of the chemicals in question. In general, there were 

more pesticides in the Yamaska River than in the Saint-Francois River, 
a finding which was expected since agriculture is more prominent in 

the basin of the former river. Although the atrazine concentration by 
far surpassed the levels of the other chemicals determined, it did not 

exceed the proposed water quality guideline for atrazine of 2.ug/L for 
the protection of aquatic life.
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PERSPECTIVE DE GESTION 

L'ana1yse des écnantilions d'eau 5 grand volume prélevés au cours 

d'une période de quatre semaines en 1987 3 1'embouchure de la Riviére 

Yamaska et de la Saint-Francois au Québec a revélé la présence de BPCs 

et de queiques pesticides qui n'avaient pas été détectés avant dans 

ces deux riviéres. De tous les produits chimiques détectés dans i'eau 

centrifugée et dans les sédiments en suspension, la piupart ont été 

trouvés dans 1'eau. Ceci pouvant étre expliqué par la iipophilicité 

basse a moyenne de ces produits. En générai, i1 y avait pius des 

pesticides dans la Riviére Yamaska que 1a Saint-Francois, un résuitat 

attendu dfi 5 un niveau plus élevé d'activités agricoies dans la 

premiere. La concentration de 1'atrazine était p1us élevée que celle 

des autres produits chimiques, par contre elle ne dépassait pas la 

iimite de 2 pg/L proposé dans les lignes directrices pour la 

protection de la vie aquatique.
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INTRODUCTION 

The Yamaska River basin in Quebec. is the focus of intensive 

agricultural activity. In -1982, 26% of all agricultural pesticides 

(excluding oils) purchased in Quebec were sold in the Yamaska River 

basin. more than in any other basin (1). The main pesticide classes 

used in the Yamaska River basin were triazines and triazoles (38% of 

total, excluding oils), amides (18%), carbamates (16%) and organo- 

phosphates (7%). By contrast, in the same year only 4% of all pesti- 

cides sold for agricultural purposes in Quebec were bought in the 

basin of the neighbouring Saint-Francois River, another major tribu- 

tary of the Saint Lawrence River (1). The main classes used in the 

,Saint-Frangois River basin were triazines and triazoles (47%), 

phenoxyacids (13%) and carbamates (9%). 

The water quality (C,N,P) of the Yamaska and Saint-Francois 

Rivers has been studied extensively (2-4). In addition, there are 

data on the presence of metals in sediments from various locations in 

the Yamaska River basin (2). Mongeau (5) documented an average Hg 

concentration of 0.75 mg/kg wet weight in 17 species of fish taken 

from various locations in the Yamaska River in 1970-1971. 

Occasional surveys for organic contaminants in the Yamaska River 

have been made over the past twenty years. Duval and Gauthier (6), in 

the Saint Lawrence River Committee study, reported pesticide 

concentrations in water at the mouth of the Yamaska River in 

May-September 1976 in the following ranges: atrazine, 0.1-6.4 ug/L;
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de-ethyl atrazine (ADE), 0.1-1.7 pg/L; de-isopropyl atrazine (ADI), 

<0.02-0.4 pg/L. In July 1980, they found up to 5.4 pg/L atrazine, 

1.4 pg/L ADE and 1.0 pg/L ADI near the mouths of the Yamaska and 

Saint-Francois Rivers (6). In May-September 1976, concentrations of 

2,4-dichlorophenoxyacetic acid (2,4—D) ranged from ' <0.002 to 

0.036 pg/L, while in 1980 its maximum concentration was 0.015 pg/L. 

Concentrations of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) ranged 

from not detected (n.d.) to 0.032 pg/L in May-September 1976, compared 
to (0.002 to 0.006 pg/L in 1980/81. Silvex concentrations did not 

exceed the limit of detection in any of the 1976 samples, while some 

residues were found (0.003 pg/L) in 1980 and 1981 (6). In August 

1978, concentrations of atrazine in sediment in the Yamaska River and 

at its mouth were <0.05 mg/kg dry weight.
_ 

In 1977-78, average concentrations (wet weight) in the flesh of 

fish from various reaches of the Yamaska River were <1 mg/kg for total 
DDT and 0.6 mg/kg for total PCBs (7). In the same samples, hexa- 

chlorobenzene, dieldrin, gamma-chlordane, lindane, heptachlor and some 
heavy metals were also found. The average concentrations of metals 
and organic contaminants determined in these fish were similar to 

averages from fish taken from the St. Lawrence River. 

In another survey of PCB contamination of fish and mussels in a 

number of Quebec rivers in 1978 (8), PCBs were found in mussels down- 
stream of Farnham (0.03 mg/kg wet weight) and in fish downstream of 
Sainte-Hyacinthe (0.8 mg/kg wet weight). Contamination was amore 

pronounced in fish in the Saint-Francois River, especially downstream
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of Sherbrooke (2.0 mg/kg’ wet weight). A companion survey of 

organochlorine pesticides in the same year revealed concentrations of 

total DDT in fish in the range 0.1-0.2 mg/kg wet weight in some fish 

taken downstream of Sainte-Hyacinthe and upstream of Saint-Pie on the 

Noire River, a tributary of the Yamaska River (9). As well, total DDT 

concentrations in fish up to 0.3 mg/kg wet weight were found in the 

Saint-Francois River downstream of Magog. 

In a similar survey in 1980 (10), PCBs were found in sediment 

(0.2 mg/kg dry weight), macrophytes (V. americana) (0.4 |ng/kg dry 

weight) and suckers (C. commersoni) (1.1 mg/kg wet weight) downstream 

of Sainte-Hyacinthe, and in macrophytes (0.5 mg/kg dry weight) 

downstream of Farnham. Lesser contamination was found in other areas 

sampled in the Yamaska River basin. PCBs were found in macrophytes 

(0.2 mg/kg dry weight) in the Saint-Francois River downstream of Lac 

Aylmer, Lac Memphremagog and Drummondville. PCBs were also found in 

fish up to 2.4 mg/kg wet weight at several locations in the 

Saint-Francois River. In the same year organochlorine pesticides 

analyses revealed a concentration of 0.4 mg/kg dry weight for total 

DDT in macrophytes downstremn of Lac Waterloo (11). A muskellunge 
caught at Waterloo had 1.3 mg/kg wet weight total DDT, and suckers and 

walleye frmn various reaches.in the river had up to 0.5 hm/kg wet 
weight. Suckers and pike taken from several locations in the 

Saint-Francois River had up to 0.3 mg/kg wet weight total DDT. 

In a larger study of the impact of agriculture on the quality of 
the water in the Yamaska River basin, five sub-basins of the Yamaska
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River with almost exclusive agricultural use were examined: the 

Salvail, a la Barbue, Chibouet, Runnets and. Saint-Nazaire Rivers 

(12,13). Atrazine and N-deethylated atrazine residues ranged in 

concentration from 0.01 to 26.9 pg/L and <0.01 to 1.34 pg/L, respec- 

tively, over April to December 1974 and 1975. The highest levels of 

atrazine were observed in July each year and were compatible with its 

time‘ of application and with_ heavy rains. It was festimated that 

0.143% of all atrazine applied to each watershed was lost to drainage 

waters. 

In a more recent study, the concentrations of atrazine, diazinon 

and 2,4-0 were found to exceed their respective guidelines for aquatic 
life (2.0. 0.08 and 4.0 pg/L) in the Yamaska and Saint-Francois river 

‘basins in 1987/88 (14). The concentration of atrazine at the mouth of 
the Yamaska River ranged from 2.1 to 17.5 pg/L in the period June- 

October, 1987, and from n.d. to 2.1 pg/L in the period May-June, 

1988. Atrazine was also detected at 0.4-2.9 pg/L in the Yamaska South 
River as well as in the Chibouet and David Rivers (tributaries of the 

Yamaska River) in May-June, 1988. At the mouth of the Yamaska River, 
the diazinon concentration ranged from n.d. to 2.2 pg/L in May-June 

1988, and from 0.2 to 5.7 pg/L in the Yamaska South River and the two 
tributaries over the same period. Generally, lower concentrations of 
atrazine were found in the Saint Francois River than in the Yamaska 

River, from 0.2 to 1.6 pg/L in June-October 1987 and from n.d. to 

0.3 pg/L in the period May-June 1988. Atrazine was found at concen- 
trations of 0.3 and 0.5 pg/L, respectively, in the Saint-Germain and
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Aux Vaches tributaries of the Saint-Francois River in May 1988, The 

concentration of 2,4-D ranged from 1.0 to 4.6 pg/L in the Saint- 

Francois River mouth in June-August, 1987, but was not detected in the 

tributaries of that river. The concentrations of PCBs and organo- 

chlorine pesticides did not exceed the limits of detection in any 

samples analyzed in this study (14).
A 

This reports presents the results of a more extensive survey of 

116 PCB congeners, organochlorine, organophosphorus, triazine, amide 

and carbamate pesticides at the mouths of the Yamaska and Saint- 

Francois Rivers at four one-week intervals in the summer of 1987. 

EXPERIMENTAL SECTION 

Materials 

Pesticide standards were obtained from chromatographic supply 

companies. Sets of PCB congeners were obtained from the National 

Research Council of Canada, Halifax, N.S. These PCB congeners 

represent, by weight, 3% of Aroclor 1221, 44% of Aroclor 1242, 48% of 

Aroclor 1248, 38% of Aroclor 1254 and 60% of Aroclor 1260; therefore 

the sum of the PCB congeners reported in this study should not be 

regarded as "total PCBs". Pesticide grade dichloromethane and other 

solvents were obtained from different suppliers and their purity (at 

1000x concentration) was checked before use. The sodium sulfate, 

aluminum foil, glass fibre filters and disposable pipets were heated
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to 500°C for 24 h before use. All glassware was rinsed with pesticide 

grade solvents before use. ACRO LC 13 disposable filters with Luer 

inlets were obtained from Gelman Sciences (Montreal, Quebec). 

wdtfif‘ and bottom sediment samples WEFE collected at the lIlOUthS'Of 

the Yamaska (lat. 46°03'02", long. 73°56'45") and Saint-Francois 

(lat. 46°06'55", long. 73°54'30") Rivers at four dates in July and 

August 1987. 'Two hundred litres of water‘ was passed through a 

Westphalia centrifuge at a rate of 6 L/min. Following centrifugation, 

the clarified water was collected and then extracted in a large volume 

aqueous phase liquid extractor (APLE) (15). The extraction efficiency 

of the APLE for a number of chlorinated pesticides and hydrocarbons in 

centrifuged natural waters in the 0.05-1 ng/L range varies from 70 to 

123%, with an overall mean recovery of 93% (14). 

The suspended solids were analyzed by Novalab Ltd. 

(9420 Cote de Liesse, Lachine, Quebec HBT 1A1) according to Inland 

waters Directorate methods (16). Table 1 shows those chemicals for 

which determinations were made in suspended solids, and their limits 

of detection. In contrast to the individual PCB congener detenmina- 

tions performed on the extracts of centrifuged water, PCB analyses of 

the suspended solids were performed for Aroclors 1242, 1254 and 1260. 

The dichloromethane extracts (which contained water) from the 

APLE were analyzed at the National water Research Institute. The 

phases were separated and the dichloromethane was dried and reduced to
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10 mL-in volume with a rotary evaporator. The solvent was changed to 

hexane and reduced to 1-2 mL by evaporation with a gentle stream of 

nitrogen. At this point, there was usually some precipitation in the 

test tube, but all material was transferred to the clean-up column as 

described below. The hexane extracts were loaded on 20 cm x 1 cm 

i.d. columns of activated silica gel with a layer of sodium sulfate 

for drying, and eluted sequentially with 60 mL each of (i) hexane, 

(ii) 80% hexane - 20% dichloromethane (v/v), (iii) dichloromethane and 

(iv) methanol. At each solvent change, a little solvent was used to 

rinse the test tubes containing the original extract, and in this way 

even the precipitated material was’ transferred to the clean-up 

column.' Most of the PCBs and insecticides sought eluted in the first 

three fractions. The first three fractions were dried, concentrated 

and solvent-changed to toluene with a final volume of 1.0 mL. Gas 

chromatographic analyses for PCBs and chlorinated, organophosphate, 

triazine and amide pesticides were performed on the first three 

fractions only. High performance liquid chromatographic analyses for 

carbamate pesticides were performed on all four fractions, after the 

solvent had been changed to 35% acetonitrile - 65% water, as described 

below.
4 

PCBs and chlorinated pesticides 

Analyses of the sample extracts for PCBs and chlorinated pesti- 

cides were performed with a Hewlett-Packard 5890A gas chromatograph
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with a single splitless injector-dual column—dual electron capture 

detector technique. One column was Ultra-2 and the other was 0V-17. 

Column dimensions were 0.2 mm i.d. x 25 m in length, with 0.17 um film 

thickness. Injector and detector temperatures were 250 and 350°C, 

respectively. The initial column temperature was 60°C, and the 

program rate was 3°/min to 280°C, with an 8 nnn final hold. The 

carrier gas flow rate was 1-1.5 mL/min. The identities of the 67 

chlorinated insecticides and PCB wcongeners sought are shown in 

Table 2. Standard mixtures of all of these compounds in the expected 

concentration ranges were prepared and used to calibrate retention 

times and detector responses. Chromatographic "windows" were 

typically 0.04 min at their widest at 80 min retention time. The 

presence of a compound was taken to be tentatively confirmed if (i) it 

occurred within the appropriate chromatographic window on both 

columns, (ii) the concentrations determined with each column were 

within 50% of each other (in which case the lower of the two concen- 

trations was reported), and (iii) the concentrations were above the 

limit of quantitation for the particular sample, as opposed to the 

limit of detection (17). The limits of quantitation for the 67 

compounds sought were typically about 0.01 ng/L for a 200 L sample, 

about three times the limits of detection. 

Organophosphorus, triagine and amide pesticides 

Analyses of the sample extracts for organophosphorus, triazine 

and amide pesticides were performed in splitless mode with a Varian



I

I

I

I

I

I

I

I 

I

I

I

I

I

I

I

I

I 

. 

- 14 — 

3400 gas chromatograph and a thermionic specific detector. A 

25 fll x 0.32 mm‘ i.d. Ultra-2‘ column (0.17 um film thickness) was 

programmed from 80°C to 280°C at 4°/min followed by a 5 min hold. The 

inlet and detector temperatures were 250 and 280°C, respectively. The 

carrier gas, nitrogen make-up, air and hydrogen flow rates were 

1.0-1.5, 29, 175 and 4.5 mL/min, respectively. The identities of the 

the 32 organophosphorus, "triazine and amide pesticides sought are 

shown in Table 3. Standard mixtures of all these compounds in the 

expected concentration ranges were prepared and used to calibrate 

retention times and detector response. The presence of a compound was 

taken to be tentatively confirmed if (i) it occurred within the appro- 

priate chromatographic window, and (ii) the concentration was above 

the limit of quantitation (17). The limits of quantitation for the 32 

compounds sought were about 0.01 ng/L for a 200 L sample, about three 

times the limit of detection. 

Carbamate pesticides 

Analyses of the sample extracts for carbamate pesticides were 

performed by high performance liquid chromatography (HPLC). The 1 mL 

toluene solutions resulting from the four—fraction cleanup were 

evaporated almost to dryness with a gentle stream of nitrogen at 35°C 

and 1 mL acetonitrile was added to the test tube. The acetonitrile 

was likewise evaporated almost to dryness, and the contents of the 

test tube were reconstituted with 1 mL of 35% acetonitrile - 65% water
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preparatory to analysis by high performance liquid chromatography 

(HPLC). ‘The third and fourth fractions reconstituted this way 

occasionally were cloudy, and were therefore filtered using ACRO LC13 

disposable filters. Analyses were performed with a Haters Associates 

HPLC (Millipore-Haters, Mississauga, Ontario) and 990+- diode array 

spectrophotometric detector. Samples of 10-50 pL volume were injected 

with a waters HISP 712 autosampler onto a 15 cm xv 4.6 mm 'i.d. 

reverse-phase Supelcosil LC-8»DB column preceded by a Supelguard 

LC-8-DB guard column (Supelco, Oakville, Ontario). Both guard and 

analytical columns were thermostatted at 35°C. The identities of the 

17 carbamate pesticides for which determinations were made are shown 

in Table 4. The optimal detector wavelength was 220 nm, and the 

optimal gradient conditions are also shown in Table 4. Standard 

mixtures of all these carbamates were prepared and used to calibrate 

retention times and detector responses. Chromatographic windows were 

typically 0.03 min at their widest at 20 min retention time. The 

presence of a carbamate_ was taken to be tentatively confirmed if 

(i) it occurred within the appropriate chromatographic window, and 

(ii) its concentration was above the limit of quantitation (17). The 

limits of quantitation were typically 0.1 ng/L for a 200 L sample, 

about three times the limit of detection.
V 

In addition to the determination of carbamate pesticides, the 

diode array detector was used to take 200-800 nm spectra of the HPLC 

effluent every 200 ms in order to check for the presence of disperse 

dyes which might have eluted under the conditions used for the 

carbamates, but none was detected.
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RESULTS AND DISCUSSION 

In contrast to the observations with centrifuged water, very few 

chemicals were detected in the suspended solids collected at the 

mouths of the Yamaska and Saint-Francois Rivers in July and August, 

1987. This is not surprising since many of the chemicals sought have 

log KQW <3-4 and would not be expected to partition appreciably to 

the suspended solids (18). Aroclor 1254 and atrazine were the only 

chemicals found in the suspended solids from the Yamaska River (cf. 

Table 5), while in the Saint-Francois River suspended solids samples 

only Aroclor 1254 was detected (cf. Table 6). 

Tables 7-10 show concentrations of chemicals found in extracts of 

the centrifuged water from ~the mouths of the Yamaska and Saint- 

Francois Rivers. Many of these chemicals have never been observed 

before in these rivers.‘ Low concentrations of PCB congeners and some 

chlorinated pesticides were observed in both rivers, while contamina- 

tion by organophosphate, triazine and amide pesticides was generally 

greater in the Yamaska River than in the Saint-Francois River. This 

latter result was expected since pesticide use in the Yamaska River 

basin is much heavier than in the Saint-Francois River basin. Atra- 

zine was found consistently in the Yamaska River samples at concentra- 

tions approaching 100 times that of any other pesticide. Atrazine was 

also found at relatively high concentrations in the Saint-Francois 

River samples, albeit not as high or as consistently as in the Yamaska 

River samples. The presence of atrazine was expected since it is used
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on corn, a crop which is grown extensively in these areas. At no time 

did the atrazine concentration in these samples exceed the proposed 

water quality guideline of 2 pg/L (19) for the protection of aquatic 

life, in contrast to the results of other workers who found atrazine 

concentrations to exceed the guidelines in 1987/88 (14). This 

discrepancy may have been due to normal environmental variation. 
' The PCB results from the centrifuged water are not directly 

comparable to those of the suspended solids since in the former case 

individual congeners were sought, while in the latter case the deter; 

minations were done on an Aroclor basis. The only case in which a 

direct comparison can be made is for atrazine in the Yamaska River on 

July 22, 1987 when observed concentrations were 40 nglg dry weight for 

suspended solids and 1490 ng/L for the centrifuged water. On that 

date, the concentration of suspended solids in water was 50 mg/L. 

Thus the calculated concentration of atrazine in bulk uncentrifuged 

water was 1492 ng/L, and >99% of the atrazine was in the 

operationally-defined dissolved phase (1.g., in centrifuged water). 

An apparent suspended solids to water partition coefficient (Kp) of 

27 ug/kg/ug/L can be calculated from these data, in substantial agree- 

ment with the value of 18 calculated using the equation (18) 

log K06 = 0.989 log K0“ - 0.346
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where Kow is the octanol-water partition coefficient (4.27 x102, 

ref. 20) and Koc is the organic carbon normalized partition coeffi- 

cient, equal to Kp divided by the fractional organic carbon content 

of suspended solids (usually assumed to be 0.1). 
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Tabie 1. Chemicais sought in suspended so1ids.* 

Chemical - Limit of Detection, ng/g 

hexachiorobenzene 
heptachior 
aldrin 
p3p'—DDE 
mirex - 

a—BHC 
lindane 
B-BHC 

n H . 

heptachlor epoxide 
cis-chlordane 
trans-chlordane 

‘u- 

8:3--33? 
o,p'-DDD 
o,p'-DDT 
methoxychior 
a-endosulfan 
dieidrin 
endrin 
B-endosulfan 
Arocior 1242 
Arocior 1254 
Arocior 1260 
aidicarb 2000 
butylate 200 
carbofuran 200 
dicamba 50 
2,4-dichiorophenoxyacetic acid 100 
2—(2,4-dich1orophenoxy)propionic acid 50 
2-(2,4-dichiorophenoxy)butyric acid 50 
2,4,5-trichiorophenoxyacetic acid 50 
silvex 50 
alachior V

- 400 
metoiachlor 200 

10 
20 

D-I 

0-! 

I-5!-4 

UI(J1(IIUlQ1-IlLIICDUlUIUl(flQCU!Ul(II(JlUIUlLI1(J\U,| 

atrazine 
metribuzin 
diazinon 20 
methyl parathion 20 
malathion 20 
fenitrothion 20 
parathion 20 

*Limits of detection are given for a 10 g sample on a dry weight 
basis.

'
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Table 2. Chlorinated hydrocarbons sought in centrifuged water.1 

N04 Abbreviation Name

1 
2* 
s*4 
4* 
5*
s
7 
8*
9 
1o 
11* 
12* 
13 
14* 
15* 
16* 
17* 
18* 
19* 
20* 
21 
22* 
23* 
24* 
25* 
25 
27* 
28* 
29* 
30* 
31* 
32* 
33 
34* 
35* 
36 
37* 
38 
39* 
40* 
41 
42 
43 
44 
45* 

11fld3flE 
PCB 15 
PCB 15 
PCB 54 
PCB 31 
heptachlor 
PCB 52 
PCB 49 
aldrin 
PCB 44 - 

PCB 40 
PCB 103 
heptaehlor epoxide 
PCB 121 
PCB 60 
o,p'-DDE 
PCB 101 
a-endosulfan 
PCB 86 
PCB 87 
dieldrin 
P,P'*DDE 
PCB 77 
PCB 154 
o,p'-TDE 
endrin 
PCB 51 
B-endosulfan 
PCB 118 
PCB 143 
P,D'—TDE 
PCB 114 
o,p'-DDT 
PCB 153 
PCB 105 
PCB 141 
PCB 137’ 
p;P'—0DT 
PCB 138 
PCB 129 

187 

PCB 159 
PCB 182 
PCB 
PCB 183 
PCB 128 

v-hexach1orocyc1ohexane 
2,2',5-trichlorobiphenyl 
4,4‘-dich1orobipheny1 
2,2‘,6,6'—tetrach1orobipheny1 
2,4',5-trichlorobiphenyl 
heptachlbr ‘ 

2,2‘,5,5'-tetrachlorobiphenyl 
2,2‘,4,5'~tetraeh1orobipheny1 
a1dr1n 
2,2‘,3,5'-tetrach1orobiphenyl 
2,2‘,3,3'-tetrachlorobiphenyl 
2,2‘,4,5',6—pentach1orob1pheny1 
heptachlor epoxide 
2,3‘,4,5',6-pentachlorobiphenyl 
2,3‘,4,4'-tetrachlorobiphenyl 
o,p'-DDE 
2,2‘,4,5,5'-pentachlorobiphenyl 
q-endosulfan 
2,2‘,3,4,5-pentachlorobiphenyl 
2,2‘,3,4,5'-pentachlorobiphenyl 
dieldrin 
P,p'-DUE 
3,3‘,4,4'-tetrach1orobipheny1 
2,2‘,4,4',5,6'-hexachlorobiphenyl 
o,p'-TDE 
endrin 
2,2‘,3,5,5',6-hexachlorobiphenyl 
B-endosulfan 
2,3‘,4,4',5-pentachlorobiphenyl 
2,2‘3,4,5,6'-hexachlorobiphenyl 
' "-TDE 

,4‘,5-pentachlorobiphenyl 
-DDT 
4,4’,5,5'-hexachlorobiphenyl 

4,4‘-pentachlorobiphenyl 
4,5,5‘-hexachlorobiphenyl 

4',5-hexach1orob1pheny1 
u»au0ouovo\ow.uuuuu 

|\)|\I|\II\‘|»O\I|\’l\)'Dl'\‘||’UlAl|\'l'U 

(AYU 

-'-In 

—-'-I-10 

-D 

0 

0 

va 

'0 

QQQ 

0 

0

0 

(‘)0 

-§ 

OQCAICAIIJ 

-(Al(A)¢(.AI(-A)

" 

0 

0 

0 

0 

10 

'0

0 

are

0

I 

u»4>4>4>-n-uu4>-44> 

-0 

-0 

0 

-0

0 

'4 

hv 

-hill’! 

-F 

-> 

-en 

- 

->

- 

u 

0 

0 

U=u1O

u 5'—hexacn1orobipheny1 
5-hexachlorobiphenyl 
'-hexach1orob1pheny1 
5:6‘-heptach1orob1phe 

5 ,6-heptach1orob1phe 
4'-hexach1orobipheny1 

5 ,6—heptach1orobipheny1 
nyl 

nyl 

cont'd next page
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N0. Abbreviation NGITIE 

45* 
47* 
45* 
49* 
50* 
51* 
52* 
53* 
54* 
55* 
56 
57 
58 
59* 
60* 
61* 
62* 
63* 
64 
s5 
55* 
67* 

PCB 185 
PCB 202 
PCB 171 
PCB 156 
PCB 173 
PCB 200 
methoxychior 
PCB 180 
PCB 191 
mirex 
PCB 170 
PCB 201 
PCB 203 
PCB 196 
PCB 
PCB 
PCB 
PCB 207 
PCB 194 

189 
208 
195 

PCB 205 
PCB 206 
PCB 209 

QNNNNNNNNNNYNBI\)l\J5I\)‘l\>I\)I\)~f\)I\) 

(Do 

0

0 

‘vo 

VI 

in 

-0 
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vo 

u 
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(‘ho 
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Q; 
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0 
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'0 

0 
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0 

'0 

(Q 

0

0 

kn 

u 

u 

no 

0

0

- 

('l(A)OO-FOOD)-P 
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- 

- 

- 

-0 

-0 

-0 

- 

-no 

- 

-u 

Q0 

fin 

u 

0 

,0 

-§-0 

Lu 

.§ 

no

0 

#0

0 

(,1 

U'¥h 

-F-§-FHF 

-F 

-F“ 
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-§U'l'I 

-I-0 

0 

0 

0 

0 
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vn 
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0 

—§ 

'0‘ 

0
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0
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6-heptachiorobiphenyl 
5 ,6;6'-octachiorobiphenyi 
4',6‘-heptachiorobiphenyl 
5-hexachlorobiphenyl 
,5,6-heptachlorobiphenyl 

’ 

v4,5',6,6'—octach1orobipheny1 
hlor 

_ V 

4;4',5,5'-heptachlorobiphenyl 
4,4‘,5‘,6-heptachlorobiphenyl 

5-heptachlorobiphenyl 
,5',6-octachlorobiphenyl 

6-octachlorobiphenyl 
5',6-octachlorobiphenyi 
-heptachlorobiphenyi 
6,6‘-nonachlorobiphen 
,6-octachiorobiphenyl 
6,6‘-nonachlorobiphen 
5'~octa¢h1orobipheny1 

‘,6-octachlorobiphenyl 
',5,5',6-nonachlorobiphen 
henyl 

yl 

yl 

yl 

1Chemica1s are listed in order of e1ut1on from an Ultra-2 co1umn. The 
IUPAC number scheme for the PCB congeners is given in ref. 21. 

*Not present above Iimit of quantitation in any sample.
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Table 3. Organophosphate, triazine and amide pesticides sought in 
V centrifuged water.* 

oxydemeton~methyl 
dichlorvos~ 
acephate 
mevinphos 
trichlorfon 
demeton-S 
deethylated atrazine 
naled 
phorate 
sulfotepp 
dimethoate 
demeton-0 
atrazine 
terbufos 
alachlor 
diazinon 
disulfoton 
metribuzin V 

prometryn 
alathion 
fenthion 
chlorpyrifos 
parathion 
cyanazine 
anilazine 
methidathion 
crotoxyphos 
fensulfothion 
ethion 
phosmet 
azinphos-methyl 
phosalone 

*Pesticides are listed in order of elution from an Ultra~2 column.
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Table 4. Carbamate pesticides sought in centrifuged water.* 

aldicarb sulfoxide l

. 

aldicarb sulfone 
methomyl 
phenmedipham 
desmedipham ' 

thiram 
aldicarb 
thionhanate-methyl 
propoxur 
carbofuran 
benomyl 
carbaryl 
pirimicarb 
chloropropham 
EPTC ; 

cycloate 
butylate

, 

*Compounds are listed in order of elution frun a Supelcosil LC-8-DB 
HPLC column under the following conditions, with flow 1 mL/min and 
linear gradients throughout: ~ 

time, min - % acetonitrile % water 

FD 
35 65 
48 52 
51 49 
55 45 

'~O*~l 

13 100 0 
20 1oo 
25 as es
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Table 5. Concentrations (ng/g dry weight) of chemicals found in the 
suspended solids at the mouth of the Yamaska River in 1987. 

Chemical - July 16 July QZW 
W 

July 29 4 

Aroclor 1254 50 20 20 20 
atrazine 40 .



'-29$ 

Table 6. Concentrations (ng/g dry weight) of Ar0c1or 1254 found in 
suspended solids at the mouth of the Saint-Frangois River in 
1987 

July 17 July Z3 July Z8 August 5 

so so 
' 

so 40



Table 7. Concentrations (ng/L) of" chlorinated pesticides and PCBs lfl 
centrifuged water at the mouth of the Yamaska River in 1987.* 

Chemical 
1 1.1.4“ my 2211 11.11.11,} 8...... 4 

1 

August s 

lindane 
heptachlor 
PCB 52 
heptachlor epoxide 
endrin 
o,p'-DDT 

DDT popl- 
PCB 187 
PCB 183 C 

PCB 170 
PCB 201 
PCB 203 
PCB 194 

Sum of PCB ‘ 

COHQEHGFS 

1.38 

0.08 
0.05 
0.30 
0.02 
0.05 
OOOI 

0.01 

0.10 

0.95 

0.14 
0.02 

0.01 
0.01 

0.04 
0.01 

0.07 

0.80 

0.01 
OIO7 

0.01 
0.01 

0.01 
0.01 

0.04 

0.88 
0.03 
0.05 

0.01 

0.06 

1.04 

0.04 
0.02 

0.04 

0.08 

*Aldrin, dieldrin and PCBs 44, 141, 159, 182 and 205 were not found above 
their limits of quantitation, in addition to those compounds designated 
with an asterisk in Table 2. _
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Table 8. Concentrations (ng/L) of chlorinated pesticides and PCBs in 
centrifuged water at the mouth of the Saint—Francois River in

* 1987. 

Chemical July 17 July 23 July 28 August 5 August 

lindane 0.58 
heptachlor 0.60 
PCB 52 
aldrin 
PCB 44 » 0.16 
heptachlor epoxide 
dieldrin 0.01 
endrin 
o,p'-DDT ~ 

PCB 141 0.02 
p,p'-DDT 
PCB 159 0.01 
PCB 182 5 0.01 
PCB 187 0.01 
PCB 170 
PCB 201 
PCB 205 

Sum of PCB
g 

congeners 0.21 

0.51 
0.45 
0.08 

0.05 
0.01 

0.18 

0.21 

0.01 

0.15 

0.18 
0.92 

0.09 
0.15 
0.01 
0.10 
0.07 

0.48 

0.01 
0.01 
0.01 
0.01 

0.19 

*PCBs 203 and 194 were not found above their limits of quantitation, as 
well as those compounds marked with an asterisk in Table 2.



..32_ 

Table 9. Concentrations (ng/L) of organophosphorus, triazine and amide 
pesticides in centrifuged water at the mouth of the Yamaska River 
in 1987.* 

Pesticide July 16 July 22 July 29 August 4 August 6 

oxydemeton-methyl 
dichlorvos 
acephate 
mevinphos 
trichlorfon 
demeton-S 
naled 
sulfotepp 
dimethoate 
demeton-0 
atrazine 
terbufos 
diazinon 
disulfoton 
prometryn 
malathion 

chlorpyrifos 
parathion 
cyanazine 
anilazineg 
methidathion 
crotoxyphos 
ethion 
phosalone 

|-oooom 

0 

0 

0 

0 

_o

0 

-h4D<w(»->0) 

-#01010-I 

240 
0.55 
0.18 

CDC:-ICC»-I 

O 

I 

I 

I 

O

I 

m0owNoo\1 

->0: 

O\| 

11 
0.55 

2C2 
0.7a 

19 
0.50 
0.50 
3C3 

1500 
0.10 
0.10 
0.30 
1.5 

0.33 
0.13 

0.47 
0.34 
0.62 

0.15 
10.18 

CO1

I

O 
CDC U1 

0.66 
14 
0.14 
6.92 

190 
0.08 

0.22 
0.09 

OOO0-d 

O 

O 

I

I 

(O->00) 

\lCD<0 

3°) 

0

0 
03$ 

|-0. 

»-cums 

I 

I 

I 

O

I 

wood)»-Q 

U1

N 

890 

5.3 

HOD 

I 

O

I 

bl-Im 

(O0) 

0.10 
0.55 

16 _7 
0.73 
0.95 

I-I\| 

I 

0' 

5|-ltd OJ 

0.45 

230 

\|C 

I

O $0‘! I'\I 

0.34 
0.56 

*Pesticides are listed in order of elution from an Ultra-2 column. 
Deethylated atrazine, azinphos-methyl, phorate, -alachlor, metribuzin, 
fensulfothion and phosmet were not found above their limits of 
quantitation.
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Table 10. Goncentrations (ng/L) of organophosphorus, triazine and amide 
- pesticides in centrifuged water at the mouth of the 

Saint-Francois River in 1987.* 
_ f 

Pesticide July 17 July 23 July 28 August 4 August 5 

oxy2dem_e£’on-metinyi 
A

» 

dichlorvos 
trichlorfon 
demeton-S 
naled 
sulfotepp 
dimethoate 
atrazine 
terbufos 
metribuzin 
prometryn 
malathion 
chlorpyrifos 
cyanazine 
anilazine 

,. 

methidathion 
crotoxyphos 
ethion 
phosalone 

12 
0.21 

0.17 

0.12 

133 

@$U| 

0 

0

0 
§(Al|'\I 

mm 

0.69 

0.06 

0.51 

0.41 

I—l(l1 

0

0 
$0-l 

0.28 
0.02 

0.46 
0.33 

0.33 

0.07 

0.10 

1.5 

0.44 

0.23 
0.03 

1.0 
56 

0.1a 
1.75 
1.00 

0.06 
0.14 

15 

1.4 

0.75 
0.05 
0.28 

*Pesticides are listed in order of eiution from an Ultra-2 column. 
Acephate, mevinphos, deethylated atrazine, phorate, demeton-0, alachlor, 
diazinon, disulfoton. parathion, fensulfothion, phosmet and azinphosmethyl 
were not found above their limits of quantitation.


